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Abstract. The aim of this work is to highlight the influence of variations of some energy 
balance indicators on the ovarian reaction to superovulation treatment. A three day superovulation 
protocol was implemented in five cows. Glycemia, BHB (β-hydroxybutyrate), NEFA (non-
esterified fatty acids) and body condition score (BCS) were monitored before and during 
treatment. The ovarian reaction was assessed by estimating the number of corpora lutea. All 
biochemical parameters underwent variations at one time or another during the protocol. 
Maximum concentrations of 2.2 mmol/l, 1.01 g/l, 1.36 mmol/l were recorded respectively for 
BHB, glycemia and NEFA. Despite the lack of correlation between these parameters and the 
number of corpora lutea, the assays demonstrated a mobilization of body reserves in all the cows 
which caused a negative energy balance. Our results show that the parameters studied can support 
clinical data in the selection of embryo donor cows and serve as a discriminatory factor for those 
with a negative energy balance. 




 The major problem with embryo production in cattle lies on the one hand in the 
inability to predict outcomes and on the other hand in the variability of responses to 
superovulation treatments. According to Nibart (1991), 10 to 20% of cows give no 
response to superovulation treatment, other authors report that 24% of embryo 
collections do not provide any viable embryos (Mapletoft and Bo, 2015). This variability 
is due to intrinsic factors related to the animal and extrinsic such as climate, breeding 
management, stress or diet (Butler, 2000). Dunne et al, (1999) find that a poor diet during 
the conception period, causing a negative energy balance (NEB), can lead to embryonic 
mortality. A negative energy balance is associated with a prolonged calving-first 
ovulation interval, a high proportion of abnormal cycles and a reduced rate of conception 
(Butler, 2000). Clinically, a BEN mainly results in weight loss and a decrease in BCS 
(body condition score), several studies show a relationship between BCS and oocyte 
production, cows in poor body condition exhibited less normal oocytes than those in 
better condition (Dominguez, 1995); (Snijders et al, 2000). Delacharlerie (1995) showed 
that the body condition of cows was significantly related to the production of transferable 
embryos, the best donors being cows in good condition (BCS ≥3) compared to cows in 
average condition (BCS < 3). 
Biochemically, the negative energy balance results in increases in blood 
concentrations of non-esterified fatty acids (NEFA) and β-hydroxybutyrate (BHB) 
(Langin et al, 2005). These rates indicate a mobilization of body reserves and are directly 
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or indirectly associated with fertility. When the body's energy balance is positive, the 
plasma concentration of NEFA is low (0.35 to 0.50 mmol / l), on an empty stomach or 
when the energy balance becomes negative, it increases considerably (Jean-Blain, 1995). 
In addition to the increase in these levels, the energy deficit also results in 
disturbances in blood sugar and insulinemia. However, glucose and insulin directly 
influence reproductive function with actions on the brain, ovaries and genital tract 
(Wathes et al 2007). A negative energy balance changes the composition of the follicular 
fluid and can cause damage to the bovine oocyte (Leroy et al, 2004). In vitro, high 
concentrations of NEFA interfere with oocyte maturation and competence for embryonic 
development (Leroy et al, 2005). BHB is the most abundant compound among ketone 
bodies (Bareille, 1995), in clinically healthy animals its blood concentration is less than 
0.8 mmol / l (Brugere-Picoux, 1995). Cows with BHB greater than 1mmol /l tend to have 
fewer follicles than cows with BHB less than 1mmol / l after calving the increase in 
blood ketone content follows the increase in NEFAs (Chapinal et al, 2011); (Roberts et 
al, 2012). 
Also, because of its homeostasis, some authors consider glycemia as an insensitive 
indicator of energy status in ruminants (Kronfeld et al, 1982); (Parker and Blowey, 
1976). On the other hand, Doreau et al (1983) positively link blood sugar and energy 
balance during the first six weeks of lactation. It appears that blood sugar is associated 
with infertility when it is well below its usual values (Miettinen, 1991). 
Schröder and Staufenbiel (2006) reports that the energy balance can be assessed 
by measuring certain hormonal or metabolic factors including NEFA, BHB and blood 
sugar. A disturbance in the plasma concentrations of these various biochemical 
parameters can have a predictive value for the results of embryo harvesting, they could 
also be considered as a discriminatory element in the selection of embryo donors. 
The objective of this work is to identify the influence of a mobilization of body 
reserves in cows with NEB on the ovarian reaction of cows subjected to superovulation 
treatment. The exploration of energy balance is materialized by the assay of a few 
biochemical parameters (NEFA, BHB, glycemia) and a follow-up of the body condition 
score before and during superovulation treatment. 
 
MATERIAL AND METHODS 
 
1. Animals: 
The experimental herd consists of 24 dairy bull dams belonging to the national 
center of artificial insemination and genetic improvement (CNIAAG) of Baba Ali, an 
agglomeration located 20km from the capital, among which five were selected to study 
the effect of energy status on the ovarian response of cows to superovulation treatment. 
These cows were chosen on the basis of zootechnical (conformation, genetics, 
production) and health (cyclicity, absence of gynecological pathologies) criteria. The 
females selected are from two mixed breeds: Norman (n = 2), French breed with high 
dairy potential and flekvieh (n = 3) whose meat potential is predominant. The cows are 
primiparous, lactating between 70 and 90 days postpartum and perfectly cycled, kept in 
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2. Assay equipment: 
BHB (β-hydroxybutyrate) concentrations and blood glucose were determined in 
serum using a FreestyleOptium® hand-held device (PrecisionXceed, Abbott 
Laboratories). The NEFA were measured spectrophotometrically on a DVM-NEFA 
device (Veterinary Diagnostics, Newburg, Wisconsin, USA). 
3. Superovulation treatment: 
 All the cows received a superovulation treatment comprising three injections of 
FSH (Stimufol®) at 24 hour intervals and at constant doses (Adel et al, 2018) (Figure 
1). The treatment began 10 days after observation of the reference heats; on the third day 
a dose of prostaglandin (PG) was administered to induce luteolysis. A double artificial 
insemination (AI) at 12 hour intervals was performed on the fifth day; the ovarian 
reaction (corpus luteum count) was estimated by transrectal palpation at the time of 
embryo collection, seven days later. 
 
4. Monitoring of the body condition score (BCS): 
 The BCS assessment is based on visual inspection of the caudal and lumbar 
regions on a scoring grid of 1 to 5 described by Edmonson and al, (1989). The 
observations started 15 days before the treatment (D-15). Three other observations were 
made at the start of the superovulation treatment (D0), the day of AI (D5) and the day of 
embryo collection (D12) 
 
5. Biochemical profile: 
5.1. Samples: 
 Blood samples (Pr) from the coccygeal vein were taken on the same dates as the 
BCS observations, namely: D-15 (Pr1), D0 (Pr2), D5 (Pr3) and D12 (Pr4) (Figure 1). 
The blood was centrifuged, the serum separated and stored at -20 ° C until the day of the 
assay. 
5.2. Determination of β-hydroxybutyrate (BHB) and blood sugar: 
  BHB as well as glucose were assayed with the Freestyle Optium® reader. This 
device works with exactly the same principle and method as the reader for human use. 
• A test strip is inserted into the meter 
• A drop of serum is placed in the location provided for this purpose on the strip. 
• The result is read after 10 seconds. 
 At the level of the strip, the elements to be assayed (ketone bodies and glucose) 
undergo an oxidation-reduction reaction. This reaction is at the origin of an electric 
current proportional to the quantity of element to be assayed and it is this current which 
will be measured by the electrode. 
5.3. Determination of non-esterified fatty acids (NEFA): 
For carrying out the NEFA assay, we prepared the negative control (distilled 
water) and positive control (solution whose concentration of NEFA is known: 1mmol / 
l, and supplied with the device). Each sample is then analyzed by the spectrophotometer. 
The absorbance of the reference solution is measured first and then that of the sample. 
After reading the device, the concentration of NEFA is obtained by the following 
equation:  [NEFA] sample = (A sample x [NEFA] control) / A control. 
5. Statistical analysis: 
The statistical analysis was carried out by R software version 3.5, 2018. To 
explore a possible correlation between the number of corpora lutea on the one hand and 
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the biochemical parameters on the other hand, we applied the non-parametric rank 
correlation test of Spearman due to the small sample size and the fact that the data 
distribution does not obey the normal (Laplace-Gauss) distribution. 
 
Figure 1. experimental protocol 
 
RESULTS 
1. BCS monitoring 
The BCS of the cows remained stable before and during the superovulation 
treatment with an average of 2.8. A slight variation of 0.25 was notably observed in cows 
3 and 4 (Table 1). 
Table 1  
 Evolution of BCS 
Cow BCS 
Obs 1* Obs 2 Obs 3 Obs 4 
1 2,75 2.75 2.75 2.75 
2 2,75 2.75 2.75 2.75 
3 2,75 2.5 2.5 2.5 
4 3 3.25 3.25 3.25 
5 2,75 2.75 2.75 2.75 
Mean 2,8 2,8 2,8 2,8 
 *Obs : Observation 
 
2. Biochemical parameters: 
Blood glucose fluctuated between the start and end of superovulation treatment in 
the majority of cows. An increase in blood glucose (around 0.13 g / l on average) was 
noted in three females at the start of superovulation treatment. 
The individual donor BHB concentrations are quite low (0.2 to 0.8 mmol / l), 
except for cow 2 in which the highest level was noted with 2.2 mmol / l before the start 
of treatment (Pr1) but which decreases gradually during the second and third (Table 2). 
In Table 2 we note low levels of NEFA before the superovulation treatment; these 
concentrations increase significantly during the other steps of the protocol with 
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individual concentrations ranging from 1.03 to 2.92 mmol / l. Almost all cows exhibited 
an increase in NEFA concentrations at one or more steps of the protocol. Cow 2 is an 
exception with acceptable concentrations throughout treatment. 
Table 2 
 Individual evolution of biochemical parameters 
Cows 
Parameters 
Blood sugar (g/l) BHB (mmol/l)  NEFA (mmol/l) 
*Pr1 Pr2 Pr3 Pr4 Pr1 Pr2 Pr3 Pr4 Pr1 Pr2 Pr3 Pr4 
1 0,45 0,79 0,74 / 0,7 0,4 0,2 / 0.86 1.40 2.92 / 
2 0,51 0,79 1,01 / 2,2 0,8 0,4 / 0.64 0.75 0.10 / 
3 0,54 0,6 0,6 0,36 0,8 0,2 0,4 0,3 0.61 0.33 1.06 1.03 
4 / 0,54 / / / 0,3 / 0,3 / 0.53 / 1.55 
5 / 0,44 / / / 0,5 / 0,3 / 1.31 / 1.28 
       *Pr : sample 
 Overall, we noted a variation in the mean concentrations of the biochemical 
parameters (figure 2). With an increasing evolution for the NEFA with the highest levels 
on D5 (day of the AI) and D12 (the day of embryos collection), and decreasing for the 
BHB starting with high concentrations on D-15 (before superovulation). 
 
Figure 2. Average concentrations of the various biochemical parameters. 
  
Regarding the ovarian reactions to the superovulation treatment, cow 4 stood out 
with an excellent result with 25 CJ, it should be noted that this same cow presented the 
lowest levels of BHB. The other donors had moderate or even weak ovarian reactions, 
between 10 CJ and 4 CJ respectively for cows 5 and 2, the latter having the highest levels 
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biochemical parameters as well as the ovarian reactions of the donors evaluated through 
the number of corpora lutea (CJ) per cow estimated on the day of embryos collection. 
Table 3 
 Comparison of biochemical parameters and ovarian response  
Cows GLY BHB NEFA CJ 
1 0,66 0,43 1,72 6 
2 0,77 1,13 0,49 4 
3 0,52 0,42 1,01 5 
4 0,54 0,3 1,04 25 
5 0,44 0,4 1,29 10 
 
DISCUSSION 
1. BCS monitoring: 
Measurements of the embryo donor BCS are a good tool for selecting females. All 
the authors agree that the estimation of energy reserves is the main objective of the 
scoring of the state of overweight even if the method remains subjective to evaluate the 
amount of energy stored in the muscles and in the adipose tissues (Edmonson et al, 
1989). 
In view of our results, the mean BCS of the 5 donor cows remains stable at 2.8 
during all the observations made, it is closer to the optimal profile described by 
Kérouanton (1993). It should be noted that in cows 1, 2 and 5 the BCS is 2.75 during the 
four observations made, while cow 3 and 4 show a variation of 0.25 in the condition 
score (upwards for the cow 3 and downwards for the cow 4) between the first and the 
last observation while remaining within acceptable values, indeed according to Dram et 
al (1999) a BCS of 2.5 to 3.5 would reveal sufficient body condition for good 
reproductive performance. 
The lack of variation in BCS may be due to the short interval between 
observations, but the fact remains that first-time cows regain overweight more slowly 
than multiparous ones, because they complete their growth during their first lactation, 
but their energy metabolism is more efficient (Ruegg et Milton, 1995). 
Delacharlerie (1995) had shown that the BCS of cows had a significant influence 
on the production of oocytes and transferable embryos, the best donors having a status 
score of 3 or greater. In fact, in order to be in good condition during superovulation, most 
embryo collections are made from cows in good body condition (Nibart, 1991). 
 
2. Monitoring of biochemical parameters: 
2.1. BHB: 
In our study, the results reveal that the BHB averages of the 5 cows during the 
observations carried out are within the standards except in the 1st observation (before 
superovulation), the BHB exceeds the threshold with an average of 1.23 mmol / l. In 
cows 1, 3, 4 and 5 the concentration of BHB varies between 0.2 and 0.8 mmol/l (upper 
limit). For cow 2 there is a significant increase in the concentration at sample 1 (before 
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superovulation) of 2.2 mmol/l then decreases to the upper limit of 0.8 mmol /l at the 
second sample (start of treatment), ythen a recovery to a normal value of 0.4 mmol / l on 
the 3rd sample (day of artificial insemination). In the literature, the standard for the blood 
concentration of ketone bodies is (<0.8mmol / l) for BHB Brugere-Picoux (1995). 
According to Van der Drift et al (2012) and Mc Art et al. (2011) a cow is given as 
having ketosis if she has a blood BHB concentration above a threshold between 1mmol 
/ l and 1.4 mmol / l. The threshold most commonly used in the literature is 1.2 mmol / l 
at the individual level. Ketone bodies therefore constitute a real energy substrate, and 
are not harmful, only their excess can cause disorders. A state of ketosis can only develop 
if the production of ketone bodies exceeds the ability of the peripheral tissues to use 
them (Le Bars, 1991). However, ketone bodies are good indicators of energy deficit 
(Miettinen, 1991). 
The increase in blood BHB concentration relative to an episode of ketosis is 
associated with a relative risk of developing metritis according to the authors (Galvão et 
al 2010); (Duffield et al, 2009); (Ospina et al, 2010), this can significantly alter the 
reaction of cows to superovulation, preventing the embryo collection. The state of energy 
deficit accompanying ketosis leads to a decrease in the frequency of GnRH pulses 
because the feedback control exerted by estradiol on the hypothalamus is disturbed. This 
leads to a decrease in LH secretion which can lead to anovulation (Monget et al, 2004). 
2.2. Blood sugar: 
According to Miettinen (1991) physiological blood sugar values vary between 
0.60 to 0.70 g / l. Our results reveal that the blood sugar values are generally within the 
norms, and show only minimal variations. Blood sugar, which the body tends to keep 
constant, is of much disputed utility in assessing energy status (Randel, 1990). The 
relationship between blood sugar and fertility is also very controversial. It seems that 
blood sugar is associated with infertility when it is significantly below its usual values 
(Miettinen 1991), when blood sugar is high, insulinemia increases (Herdt et al, 1981). 
This increase in insulinemia results in increased lipogenesis, decreased hepatic 
gluconeogenesis, increased glucose utilization by peripheral tissues (especially muscles) 
and inhibition of CPT1 (Carnitine palmitoyl transferase 1). CPT1 is an enzyme that 
allows NEFA to enter the mitochondria. This results in a drop in blood sugar, a drop in 
the blood concentration of NEFA and hepatic storage of NEFA in the form of TG 
(triglycerides) (De Boer et al, 1985). The blood sugar has an indirect influence on the 
energy status, and it can therefore only be considered when it is associated with other 
indicators. 
2.3. NEFA: 
Usual plasma values of NEFA should be <0.6 mmol / l (Wolter, 1992); (Brugere-
Picoux, 1995). In our study the results reveal that the averages of the NEFAs during all 
the observations carried out are above the norms with slightly high averages in the 1st 
and the 2nd sampling (before and beginning of superovulation) of 0.7 and 0.83 mmol / l 
respectively and gradually increase in the 3rd sample (AI) with an average of 1.36 mmol 
/ l then this average decreases in the 4th sample (embryos collection) to 1.29 mmol / l. 
The study by Gaal and Ribiczey (2008), for its part, gives a threshold of NEFA 
concentration of 0.7 mmol / l for the demonstration of subclinical ketosis with the DVM 
NEFA reader. In cow 1, the concentration of NEFA is 0.86 mmol / l in the first sample 
(before superovulation) then it reaches high values of 1.40 mmol / l on the day of AI and 
a maximum value of 2.92 mmol / l at embryos collection. While cow 2 has a value of 
Agricultura                                                                               no. 1 - 2 (117-118)/2021                                                                                     Agriculture  
- 154 - 
0.64 mmol / l before superovulation which increases to 0.75 on the 2nd sample (start of 
superovulation treatment) then decreases to 0.10 mmol / l on the 3rd sample (AI). 
Cow 3 has a value of 0.61 mmol / l at the first sample (before superovulation) 
which decreases to 0.33 mmol / l at the start of superovulation treatment and increases 
afterwards to 1.06 and 1.03 at the 3rd (AI) and 4th sample (embryos collection). The 4th 
cow records an increase of 0.53 mmol and 1.55 in the 2nd (start of superovulation) and 
4th sample (embryos collection) successively. While in cow 5 we note values of 
1.31mmol / l at the start of superovulation and 1.28 mmol / l on the day of embryos 
collection, there is therefore an increase in the concentration of NEFA in the 3rd (AI) and 
4th sample for cows 3, 4 and 5. 
When the body's energy balance is positive, the plasma concentration of NEFA is 
low (0.35 to 0.50 mmol / l). On an empty stomach or when the energy balance becomes 
negative, it increases considerably (Jean-Blain, 1995). The correlation between NEFA 
and FUM (feed unit milk) intake is strongly negative: the lower the energy ration, the 
higher the concentration of circulating NEFA (Doreau et al, 1983). The NEFA of the 
blood are a consequence of the mobilization of fatty acids, they appear during energy 
deficit. 
2.4. Ovarian reaction on harvest day 
The ovarian structures assessed by transrectal and ultrasound palpation reveal an 
average of 10 CJ and for the 5 cows. We note all the same a good ovarian reaction in 
cow 4 (25 CJ). During an energy deficit, the decrease in the secretion of pituitary 
hormones and the decrease in ovarian sensitivity to gonadotropin stimulation explain the 
delays in follicular maturation and ovulation (Jolly et al, 1995). In fact, the frequency 
and the amplitude of the LH pulses increase in parallel with the energy balance (Canfield 
et al 1990). 
 
3. Correlations between the different parameters: 
Undernutrition affects reproduction by induced hypoglycemia, resulting in a delay 
in the appearance of mature follicles with subsequent ovulation abnormalities and 
embryonic mortality. The mobilization of fat reserves (lipolysis) occurs when blood 
sugar is low and results in the circulation of fatty acid and glycerol. Ketogenesis is more 
important when glucose availability is low (Metge et al, 1990). 
When the energy deficit increases, the plasma levels of NEFA and BHB increase 
while blood sugar levels decrease. If glycemia represents the availability of energy 
substrates, NEFA and BHB are on the other hand the witnesses of the mobilization of 
body reserves by the hydrolysis of triglycerides released in the form of glycerol and 
NEFA (Nibart, 1991). Good embryo producers have a higher concentration of NEFA, 
which lets us see that a slight energy deficit seems conducive to better embryo collection 
results in lactating cows.  
 In our work, statistical analysis did not reveal any correlation between the 
different biochemical parameters and the ovarian reaction. This is largely due to the size 
of the sample. The fact remains that individual observations indicate a notable 
mobilization of body reserves during treatment, as evidenced by the concentrations of 
NEFA at the end of treatment and of BHB at the start of treatment. This leads us to 
conclude that the majority of cows presented at one time or another during the 
experiment an energy deficit which would have influenced the ovarian reaction by 
altering the secretions of gonadotropins (Jolly et al, 1995); (Canfield et al, 1990). 
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CONCLUSION 
Despite the lack of correlation revealed by statistical analysis, the results are 
promising. Individual variations in NEFA and BHB concentrations, even with a stable 
and correct BCS, indicate a mobilization of body reserves. This fact, during a 
superovulation treatment, is detrimental to the functioning of the ovaries and 
significantly impacts the results of the embryos collection. The assays performed do not 
claim to predict results, but they can be used a priori for the selection of donors. 
In view of the results, we can consider studying the possibility of including certain 
indicators of energy status in the selection criteria for embryo donors. It would be useful 
before that to determine threshold values beyond which a decision will be made to start 
or not a superovulation treatment. However, this is not to do without clinical data, 
including monitoring cyclicity. 
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